A 33-year-old woman presented with rare brain metastases from undifferentiated high-grade sarcoma manifesting as headache and vomiting. Magnetic resonance (MR) imaging demonstrated multiple tumors in the brain, subcutaneous soft tissue, and mediastinum. The patient underwent surgery, followed by chemotherapy and radiotherapy. The histological diagnosis was undifferentiated high-grade sarcoma. Radiotherapy was effective, but the brain tumors recurred 6 months later. The patient underwent high-dose methotrexate therapy, but showed no response. Promoter hypermethylation in the O 6 -methylguanine-deoxyribonucleic acid methyltransferase (MGMT) genes was detected and MGMT protein expression was negative in the recurrent tumor, so temozolomide (TMZ) salvage chemotherapy was given, and follow-up MR imaging showed tumor reduction. This case suggests that TMZ may be effective for brain metastasis of undifferentiated sarcoma without MGMT protein expression.
Introduction
Brain metastasis from undifferentiated sarcoma is extremely rare. 6, 7) The main therapeutic strategy for brain metastasis from soft tissue sarcoma (STS) is surgical resection, whereas radio-or chemotherapy is indicated for inoperable or recurrent cases. Some organs with metastatic lesions occasionally exhibit good response to chemotherapy, whereas brain metastasis is generally resistant to chemotherapy due to poor penetration of the blood-brain barrier (BBB). 1, 11) Therefore, chemotherapeutic methods for brain metastasis from STS have not been established.
Temozolomide (TMZ) is a novel chemotherapeutic agent that crosses the BBB and has activity against many human solid tumors. TMZ may also enhance radiation treatment efficacy in primary central nervous system tumors, such as malignant gliomas. 5) TMZ therapy is reported to be effective against advanced STSs. 7,21-23) Recently, TMZ with an extended schedule showed activity in patients with advanced gynecologic leiomyosarcomas. 7) O 6 -methylguanine-deoxyribonucleic acid methyltransferase (MGMT) is a deoxyribonucleic acid (DNA) repair enzyme that transfers alkyl adducts from the O 6 -position of guanine in DNA to a cysteine residue in its own sequence. MGMT is ubiquitously expressed in normal human tissues. 10) Remarkably, MGMT activity is usually higher in malignant tissues than in their normal counterparts, 12, 13) but MGMT expression is silenced in a subset of tumor cells mostly due to abnormal promoter methylation. Gliomas present with a high frequency of MGMT inactivation by promoter hypermethylation among human neoplasms. 3, 9) However, the frequency of promoter hypermethylation in the MGMT gene in STS is unclear. Some clinical studies have suggested that loss of MGMT expression by aberrant promoter methylation correlates with sensitivity to TMZ in gliomas. 3, 9) MGMT promoter methylation is associated with a favorable outcome after TMZ chemotherapy in patients with newly diagnosed glioblastoma. 9, 19) We treated a 33-year-old woman with multiple brain metastases from undifferentiated high-grade sarcoma of the soft tissue which were resistant to several treatments, but TMZ salvage therapy showed partial response. The tumor showed loss of MGMT expression by epigenetic silencing of the MGMT gene by promoter hypermethylation, suggesting that TMZ might be effective against brain metastasis of soft tissue undifferentiated high-grade sarcoma with low MGMT activity. A 33-year-old woman presented with headache and vomiting to another hospital. Computed tomography revealed intratumoral hemorrhage in the left occipital lobe, and magnetic resonance (MR) imaging demonstrated multiple mass lesions in the bilateral occipital lobes, right frontal lobe, and cerebellum, appearing as hypointense on T 1 -weighted and hyperintense on T 2 -weighted images, with heterogeneous enhancement by gadolinium (Fig. 1A) . She underwent open surgery for the left occipital lesion for pathological diagnosis. Histological examination found large pleomorphic plump spindled to epithelioid cells ( Fig.  2A, B) . However, no diagnosis could be established and she was referred to our hospital.
Fluorodeoxyglucose positron emission tomography showed hyper-uptake in the subcutaneous soft tissue of the right chest and abdomen, and mediastinum (Fig. 1B) . Biopsy of the subcutaneous tumor in the right chest was performed by a dermatologist. Histological examination showed mainly multiform large cells, with small lymphocyte and plasma cells in the background, very similar to the specimen of the brain tumor. Immunohistologically, the tumor cells were positive for vimentin and S-100 protein (Fig. 2C, D) , but did not show any characteristic findings. Finally, the tumor was diagnosed as undifferentiated high-grade sarcoma. Because of the systemic disease, she was initially given combination chemotherapy regimens with cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP), and etoposide, methylprednisolone, high-dose cytarabine, and platinum (ESHAP). Although the extracranial tumors responded slightly to the chemotherapy, the intracranial brain tumors enlarged (Fig. 1C) . She was subsequently treated with radiation therapy directed at the whole brain (30 Gy), and to the occipital (30 Gy), chest and abdominal, and mediastinum (45 Gy) tumors. Subsequently, all extracranial tumors vanished and the intracranial tumor decreased. Gamma knife radiosurgery was performed for the residual intracranial tumors.
About 6 months later, the bilateral occipital tumors regrew, resulting in blindness, and she underwent tumor resection for the occipital tumors three times. Subsequently, the tumors recurred in the right temporal lobe, right cerebellar hemisphere, and tentorium cerebelli, although none of the extracranial tumor recurred. She was treated with 3 courses of high-dose methotrexate (MTX) therapy, but showed no response. She complained of truncal ataxia, dysphagia, and dysarthria, and MR imaging showed that the brain stem was extremely compressed by the enlarged cerebellar tumor (Fig. 3A-D) . Methylation-specific polymerase chain reaction (PCR) was performed to determine MGMT gene silencing, and MGMT promoter methylation was detected in the recurrent metastatic brain tumor (Fig. 4A) . Furthermore, immunohistochemistry investigation of the MGMT protein expression of the brain tumor showed the tumor cells were negative for MGMT (Fig. 4B) . MGMT expression in the brain tumors was quite low by epigenetic silencing of the MGMT gene, so TMZ treatment was expected to be effective against the chemoresistant brain tumors. After giving informed consent, the patient underwent TMZ treatment as a salvage therapy at an initial dose of 150 mg/m 2 /day for 5 days of a 28-day cycle, and a subsequent dose of 200 mg/m 2 /day for 5 days of every 28-day cycle, as well as the protocol for recurrent malignant glioma. Follow-up MR imaging showed reduced tumor size and disappearance of brain stem compression after 3 courses of TMZ therapy (Fig.  3E-H) . Truncal ataxia, dysphagia, and dysarthria improved, but 4 months after the start of TMZ therapy, the right cerebellar tumors enlarged again. She received a total of 5 courses of TMZ therapy. She died 52 months after initial surgery, and 7 months after beginning the salvage TMZ therapy.
Discussion
Brain metastasis is thought to be a relatively uncommon event in the natural history of sarcoma, 2, 6, 8, 18, 24) with the rate of brain metastasis from STSs of 1-4%. A review of 411 patients with various types of sarcomas identified 18 patients with brain metastasis, an overall incidence of 4.3%. 15) Brain metastasis from STSs is less frequent than from bone sarcomas. In particular, brain metastasis from undifferentiated sarcoma is rare with few reported cases. 16, 17, 20) The therapeutic regimens for STSs are surgical resection, chemotherapy, and radiation. Ifosfamide, doxorubicin, and dacarbazine are known to be effective for advanced STSs, but not for brain metastasis cases. 4, 11) Twenty-one cases of brain metastasis from sarcoma included seven osteosarcomas, four leiomyosarcomas, three malignant fibrous histiocytomas (MFHs), two alveolar soft-part sarcomas, three Ewing's sarcomas, and two unclassified sarcomas. 2) The median survival of these patients was 11.8 months, and complete removal of all brain metastases and Karnofsky performance status score À70 were associated with a favorable prognosis. 2) In the present case, the multifocal tumors were located in the chest and abdominal subcutaneous soft tissue, Neurol Med Chir (Tokyo) 50, August, 2010 TMZ Therapy for Brain Metastasis of Sarcoma mediastinum, and brain. The patient was treated with CHOP and ESHAP chemotherapy after surgery. However, the chemotherapy was not effective for the brain metastasis, so the patient underwent radiotherapy and radiosurgery, which was remarkably effective for the brain metastasis. At the time of brain tumor recurrence, the patient had undergone three courses of high-dose MTX therapy, which was ineffective.
TMZ is a well-known alkylating anticancer drug, widely used for malignant glioma. TMZ demonstrates broadspectrum antitumor activity, good oral bioavailability, and favorable toxicity profiles in preclinical and clinical studies, so warranted evaluation in the treatment of patients with advanced STS. However, the first Phase II study performed in 1999 yielded disappointing results, because only one response was observed among 31 evaluated H. Tanaka et al.
patients (response rate 3.3%). 23) A Phase II trial on a series of 39 STS patients treated with TMZ in 2003 found the median overall survival time was 11 months and the response rate was 5%. 22) Treatment of 25 patients with metastatic STS showed the median overall survival was 13.2 months, and the response rate was 8%. 21) Recently, a Phase II trial of TMZ as a 6-week, continuous oral schedule (75 mg/m 2 / day) for 45 eligible patients with advanced STS resulted in median overall survival of 8.1 months and response rate of 16%. 7) Overall, the response rate was around 10%. Therefore, TMZ cannot be definitely considered effective for STSs, and more case experience is necessary. Most of the responding patients in these four available clinical studies had leiomyosarcoma, suggesting that leiomyosarcomas may be more responsive to treatment with TMZ than other STS histological subtypes, but the reason is not clear.
In the course of tumor development, gene silencing by DNA methylation is an early and important mechanism by which tumor suppressor genes are inactivated. Epigenetic silencing of the MGMT gene by promoter methylation is associated with loss of MGMT expression and diminished DNA-repair activity, but high levels of MGMT activity in cancer cells create a resistant phenotype by blunting the therapeutic effect of alkylating agents and may be an important determinant of treatment failure. 9) MGMT promoter methylation is known in some cases of STSs. The MGMT promoter methylation frequency was 15% (10/65 cases) in STSs, and MGMT promoter methylation was associated with tumor aggressiveness. 13) In these cases, the pathological subtype was MFH in 5 cases, malignant peripheral nerve sheath tumor in 3, and leiomyosarcoma in 2. MGMT promoter hypermethylation rate was reported as 33.9%, and the loss of MGMT protein expression as 32.3% in STSs. 14) The loss of MGMT expression was correlated with worse survival, but in the group receiving chemotherapy, loss of MGMT expression was independently associated with longer overall survival and was an independent prognostic factor in multivariate analysis (p ＝ 0.024). 14) In the present case, MGMT expression was examined by methylation-specific PCR and immunohistochemistry, and revealed loss of MGMT expression in tumor cells. We obtained written informed consent and administered TMZ as salvage therapy when MR imaging showed her brain stem was markedly compressed by the extended temporal and cerebellar tumor. The result was favorable, as MR imaging after 3 courses of TMZ therapy demonstrated tumor reduction and disappearance of brain stem compression. The neurological symptoms, such as dysphagia and ataxia, were improved after TMZ therapy. Therefore, the present case suggests that TMZ therapy might be effective against brain metastasis from undifferentiated STS which has MGMT promoter methylation or loss of MGMT protein expression.
